This paper investigates the influence of the cell compression of a PEM water electrolysis cell. A small single cell is therefore electrochemically analyzed by means of polarization behavior and impedance spectroscopy throughout a range of currents (0.01 A cm −2 to 2.0 A cm −2 ) at two temperatures (60
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Introduction
Energy storage is considered crucial for a successful transition to carbon neutral energy production. A hydrogen based energy production can be a key technology as hydrogen can be stored and distributed as a liquid or gas, and utilized in fuel cells (FC) to produce electrical energy and heat [1] . Nowadays, the main source of hydrogen is from steam reformed hydrocarbons or alcohols [2] with inevitable release of greenhouse gases. However, hydrogen can also be produced through water electrolysis (WE), where water is electrochemically split into its elements, hydrogen and oxygen. If the required electrical energy comes from renewable energy sources, this process can be considered CO 2 neutral. Additionally, electrolyzers can potentially provide gridservices for frequency stability [3] .
Polymer electrolyte membrane (PEM) electrolysis can be considered an evolving technology that is entering the market and has attracted more research interest in the past few years due to certain advantages [2, 4] .
Among others, PEM electrolyzers can be manufactured in compact systems due to their solid electrolyte membrane with small footprints and offer relatively high efficiency. In the context of grid stability, they are especially interesting due to good dynamic response times and start/stop behavior, and a wide operating range [5] . Comparably fast starts are possible due to the operation at low temperatures of around 60
• C to 100
• C. Furthermore, the hydrogen gas purity can be maintained fairly high at 99.999% which makes further purification redundant [6] . PEM electrolyzers offer the possibility to operate under high pressures which allows hydrogen gas production at more than 100 bar [7] . Depending on the application, internal pressurization may make external gas compressors redundant and therefore reduce system complexity and cost [8] . Pure oxygen as a byproduct might be utilized and monetized in PEM FC or other applications, or released to the atmosphere [9] . The major drawback is the high cost due to the need of precious materials. Additionally, acceptable lifetime under dynamic operation has yet to be proven [5] .
An improvement in performance and durability requires proper characterization methods. Besides classic polarization curves (IV), other tools that researchers employed on WE include current interrupt, cyclic voltammetry, more visual approaches, such as electron microscopy, and electrochemical impedance spectroscopy (EIS) [10, 11] . EIS is a versatile characterization technique that is already widely used in fuel cell applications [12, 13] and many researchers have also implemented EIS as a tool in their investigations on PEM electrolyzers [14, 15] . With the above mentioned characterization techniques, performance investigations for different membrane-electrode-assemblies (MEAs) in terms of materials and loading were compared [16, 17] , as well as studies on the impact of the feed water flow type [18] and stoichiometry [19] .
However, not many systematic studies are available in the literature that reveal more insight about how various operation conditions affect cell performance. Moreover, with the design consisting of multiple solid layers clamped between two end plates, the compression pressure is an interesting parameter and possibly subject to optimization. While the compression pressure is reasonably well researched for FC, WE lacks studies [20, 5] . EIS can provide useful insights for analyzing compression [21, 22] . This paper investigates the performance of a single cell under different current and temperature operation points at various compressions. The purpose is to better understand what the most relevant operation parameters are. The experimental work is supported by computational modelling in order to extract characteristic parameters such as the exchange current density. The combination of experimental data and a model approach also helps to divide the different resistance contributions between the components.
Methodology
All experiments are carried out on a single cell setup. Custom made MEAs by EWII Fuel Cells A/S (Denmark) with an active area of 2.89 cm 2 (1.7 cm*1.7 cm) are tested. The assembly consists of a commercial Nafion 117 membrane coated with Iridium oxide (IrO 2 , 0.3 mg cm −2 ) on the anode and carbon-supported Platinum (Pt/C, 0.5 mg cm −2 ) on the cathode. The porous transport layers (PTL) are carbon cloth (Sigracet 35DC) and titanium felt on the cathode and the anode, respectively. The Ti felt is 350 µm thick, with a porosity of 81% and a fiber diameter of 20 µm. Additionally, an Iridium contact layer is employed between the catalyst layer and the Ti-felt (2.48 mg cm −2 ). The test bench is designed so that the cell is heated by the feed water, which is held at a constant temperature. The temperature is monitored close to the water inlet channel at the anode and close to the hydrogen outlet channel at the cathode. The water flow is constant around 270 mL min −1 , which represents a high overstoichiometry. That way, steady temperature is established and mass transport contributions are minimized.
A Gamry Reference 3000 potentiostat/galvanostat is used for all IV and EIS measurements in a two-electrode set-up, meaning that the anode is connected to the working electrode and the cathode acts as the reference electrode. Figure 1 illustrates the experimental set-up. Figure 1 : Test set-up including the cell, feed water tank, data acquisition, and power source.
Polarization curves are measured in variable steps of 0.01 A cm −2 to 0.2 A cm −2 in ascending direction. Each current step is held for 60 s before measuring the potential. The feed water flow rate is kept constant, which implies that the stoichiometry is in fact slightly changed throughout the experiment due to changes in current according to Faraday's law of electrolysis. However, the effect should not have a significant impact on the measurements since the over-stoichiometry is very high at any operation point with around 17000 at 1.0 A cm −2 . Impedance spectra are, if not otherwise annotated, measured galvanostatic from 60 000 Hz to 0.1 Hz with 10 points per decade. The potentiostat supplies a variable AC disturbance current of 5% of the DC current operation point. The data is fit to an equivalent circuit as depicted in fig. 2 . The circuit and its interpretation is discussed more in sections 3.2 and 3.3.
The MEA compression is controlled through the clamping pressure applied to the cell in eight steps (C0 to C7) according to tab. 1.
Estimating the actual clamping pressure applied to the MEA precisely is not as straight forward as it may seem. Additionally, the pressure distribution is generally a topic of interest which is investigated and opti- [23, 24] . Different approaches in fuel cell research can be found in the literature, which can be transferred to electrolysis research. However, the mechanisms may not be strictly derived from fuel cells since the geometry and fluid compositions differ. Furthermore, it is arguable which area should be considered to calculate the compression. In this work, four die springs are used to establish a pressure distribution as homogeneous as possible. Actual compression pressure as well as homogeneity are tested ex-situ with a pressure sensitive film in sec. 3.1. The film exhibits a red color at points of pressure that is dependent on the pressure value. The color intensity was analyzed with image processing software and can be related to the applied pressure through reference curves supplied by the manufacturer.
Moreover, contact resistances are measured between several components that are accessible. Each contact is investigated separately through a sample with a high precision Ohmmeter while being clamped between two copper plates. The three experimentally determined contact resistances are between the anode bi-polar plate (BPP) and the anode current distributor (CD), between the anode BPP and the Ti felt, and between the cathode BPP and cathode CD.
Model Description
A 2-dimensional model approach is utilized in this study. The model is based on simulating the polarization curve of the cell at each operation point by fitting certain parameters. For a detailed description of the model development, the reader is referred to a previous publication [25] . The polarization curve is constructed through the Nernst potential raised by the losses. Due to the small geometry of the cell and the high overstoichiometry, only activation and ohmic losses are considered. The assumption of negligible mass transport losses is validated by the experimentally measured IV curves shown in figure 5 . Since all experiments are carried out at atmospheric pressure, the cell potential can be calculated as:
where i is the current density and T the temperature. The activation overpotential is estimated through the Butler-Volmer equation as [26] :
where R and F have their common meaning, i 0 is the exchange current density, n the number of electrons, η the overpotential, and α is the charge transfer coefficient. The application of the Butler-Volmer equation assumes one rate determining step (rds) for the modelled reaction mechanism [27] . For the sake of modelling simplicity, α is therefore assumed to be constant over the whole current range [28, 29, 30] . The ohmic overpotential is simulated as:
where R m is the area specific membrane resistance and R c the area specific contact resistance. The membrane resistance is implemented as a function of temperature and water content (λ). The model is utilized to fit the experimental data, where i 0 , and R c are the most important fitting parameters.
Results and Discussion

Compression Pressure Analysis
An ex-situ investigation on the compression pressure is carried out in order to validate the theoretical values as reported in tab. 1. Three layers of pressure sensitive film are placed within the cell: At the anode between flow field and Ti felt and between Ti felt and CL, and at the cathode between PTL and flow field. Figure 3 indicates the applicability of the method. A higher compression force leads to a more intense red tone, and the contact-less channels between the land areas are visible as white areas, indicating no pressure. The experiment reveals the importance of the pressurization method. The cell in this study was clamped with four die springs. Figure 3 (grey box) shows the pressure distribution at compression step four (C4) for all three locations. As it can be seen, the cathode side (bottom) exhibits the channels clearly, suggesting that only the land area compresses the MEA. Similar results can be seen at the anode between the BPP and the PTL (middle), where the significantly smaller channels are still clearly visible. The situation changes when comparing to the result between the PTL and the CL at the anode side (top), where the distribution is more uniform and only the cathode-side flow channels can be identified. This can be seen as a confirmation that the Ti felt serves the purpose of uniformly distributing the contact points (and therefore current and fluids) from the BPP to the electrode. The figure also shows the anode-side film after each compression step was applied (left to right), where the last compression step was not experimentally determined due to restrictions in the pressure range of the film. The applied pressure is not always uniformly distributed, but can be considered sufficient for this work. A non-homogeneous compression may lead to local hot spots and can affect the lifetime of the cell considerably [31] . Figure 4 summarizes the comparison between the experimentally extracted compression pressure for each step compared to the calculated ones. It has to be noted that the experimental determination underlies some uncertainties and can only be seen as an indication. The film itself is rated with ±10% accuracy, but is highly affected by environmental influences such as temperature and humidity. Furthermore, the value for the pressure is extracted as an average over the land area of the flow field, i.e., assuming homogeneous compression and neglecting the area of the channels. As indicated above, the stiff Ti felt distributes the pressure sufficiently well to make this assumption acceptable. It can be seen in the figure that the experimental determination overestimates the values, or that the calculated values are slightly too low, respectively. However, the linear trend is visible and changes in compression are reasonably captured. For further analysis the calculated values are chosen as tabulated in tab. 1.
Polarization Curves and Electrochemical
Impedance Spectroscopy The performance of the single cell in terms of polarization curves is shown in fig. 5 . The figure includes the plots for all eight compressions at both temperatures 60 Generally, the cell exhibits close to state of the art performance at both temperatures, with a voltage at 2.0 A cm −2 of 2.01 V at 60
• C and 1.90 V at 80
• C at 4 medium compression (C4) [32, 33] . The positive effect of increased temperature can be seen easily. This behavior is expected due to better reaction kinetics for both hydrogen evolution reaction (HER) and oxygen evolution reaction (OER) [2] , and better membrane conductivity [34] . This is also confirmed by the impedance data, which was systematically recorded at several operation points. For the impedance analysis, only the values for high frequency resistance (HFR) and low frequency resistance (LFR) are considered. Figure 6 exemplary shows the impedance data together with their model fits as a Nyquist plot for different currents at C4 and both temperatures. HFR and LFR represent the intercepts of the Nyquist plot with the x-axis at high frequency (left) and low frequency (right), respectively. The HFR represents the total area normalized ohmic resistance within cell, which includes the membrane resistance (both to electron and proton transport), material resistance of the components, and contact resistances. Other sources are assumed to be negligible. The LFR moreover includes the polarization resistance of the cell.
It can be seen that the HFR decreases with increasing temperature at the same current operation point. That supports the claim of better membrane conductivity at elevated temperatures. The LFR shifts accordingly, but when comparing the difference between HFR and LFR at the two temperatures, a decrease of around 6 mΩ cm 2 can be observed. This difference is an indication of better reaction kinetics at elevated temperatures.
It can furthermore be seen that the Nyquit plots exhibit different characteristics depending on the operation condition. On first sight, it seems that between the high-and low frequency intercepts, two to three semi-circles can be distinguished. Low current operation (0.2 A cm −2 ) shows a small semi-circle in the highfrequency area (>10 kHz), followed by one big semicircle in the mid-frequency area and relatively indistinguishable shape in the at low frequencies (<1 Hz). With increasing current, while the high frequency arc remains unaltered, the second semi circle shrinks, and a third semi-circle appears and becomes more evident at around 1 A cm −2 . The shrinking of an arc in the Nyquist plot signifies decreased impedance, and therefore, increase in reaction processes. Even though, the low frequency arc is usually associated with mass transport losses in the fuel cell literature [12] , in the current work where high over stoichiometry is used, the evolution of the third arc may be explained differently.
As the LFR represents the total polarization resistance including the HFR parts, the value should be equal to the slope of the polarization curve according to
Therefore, the two values should be in agreement. Figure 7 shows, that the LFR is slightly smaller than the IV slope throughout the whole current range at both temperatures. The slow EIS measurements at low frequencies (<1 Hz) are far more affected by noise compared to the fast measurements at high frequencies. That as well as the fitting procedure for the LFR can induce errors in the measurement. However, since the difference seems to be systematic (all values are smaller), the cause may not solely lie within inaccuracies. Although the phenomenon was also observed by some fuel cell researchers [35] , no commonly agreed explanation can be found in the literature, while other authors found the two resistances to be equal both in FC and WE research [36, 37] . A full paper dedicated to the topic for FC can be found in [35] . The authors connect the difference to the reactant feed mode and account for it through a model. In this work, the difference is within a 12% margin.
When focusing on the less researched effect of cell compression, the first impression from the polarization curves is that a higher compression has a positive effect on the cell performance at higher currents. The differences in voltage at 2.0 A cm −2 at lowest compression compared to highest compression at 60
• C and 80
• C are 81 mV and 49 mV, respectively. This effect seems to vanish or even reverse at lower current operation points. Therefore, it can be concluded that the improved per- formance is mainly due to decrease in the total ohmic resistance within the cell.
Model Supported Analysis
To allow for a more detailed analysis on the effect of compression on the cell performance, two modelling approaches are followed based on the two characterization methods: First, the electrical equivalent circuit (EEC) as shown in figure 2 is fit with EIS data. Second, the model proposed in section 2.1 is fit with polarization data. Since no reference electrode is incorporated into the cell, all measurements refer to the whole cell assembly including anode and cathode contributions.
Fitting impedance data to an EEC is a highly sensitive process with multiple sources of errors. The fundamental problem is that most circuit components cannot be connected to an actual cell component. While HFR was introduced earlier and can be justified through the existence of purely ohmic components, the other elements have to be further explained. Many authors, especially in FC research, use two RC-loops and refer to them as anode-and cathode-contributions [38] . This assumption may be supported by the development of a mechanistic model, which results in a similar EEC [39] , but cannot overcome the problem of multiple fitting solutions. Sometimes, the hydrogen oxidation reaction at the anode is considered orders of magnitude faster compared to the oxygen reduction reaction at the cathode and therefore neglected [40] . The capacitance then embodies the double layer capacitance at the electrode interface, where the resistance represents the charge transfer resistance. Often, the capacitor is replaced by a constant-phase element (CPE), which represents a nonuniformly distributed double layer that appears as a depressed semi-circle in a Nyquist plot [41, 42] . Generally, R//C-circuits (or R//CPE-circuits) can be associated to characteristic frequency regions, and therefore, represent processes of different time constants. These can include different reaction mechanisms, different steps of a certain reaction, or diffusion processes. Finally, the inductor in series with the HFR represents possible inductive parts of cables and other components that can be observed in the impedance data.
The observation from the IV curves that an increased compression leads to reduced ohmic resistance, is validated by the impedance data. Figure 8 shows the HFR as a function of applied pressure for both temperatures at 1.0 A cm −2 . The HFR decreases both with increasing temperature and increasing compression. Since the HFR represents only ohmic resistances, the decrease with temperature can be connected to the increased conductivity of the membrane [43] . For C0, the HFR drops from 201 mΩ cm 2 at 60
• C to 170 mΩ cm 2 at 80
• C. At higher temperatures, not only do the absolute resistance values decrease with increasing compression, but also the achieved enhancements decrease. For example, the enhancement from 60
• C to 80
• C for C0 is around 30 mΩ cm 2 , but it drops to around 20 mΩ cm 2 for C7, which has resistance value of 160 mΩ cm 2 at 60
• C and 141 mΩ cm 2 at 80
• C. That means, the compressionrelated benefits are more pronounced at lower temperatures.
However, the HFR at both temperatures clearly decreases with increased compression. Following a nonlinear relationship, the HFR at C7 and 60
• C drops to around 80% of its value at C0. At 80
• C, the HFR drops to around 83%. The results are in line with the find-ings from the IV curves and support the idea that higher compressions lead to lower ohmic losses. Two major reasons may be assumed to contribute to that: A higher membrane compression shortens the distance for protons to travel, i.e. leads to a lower overpotential. Additionally, an increased clamping pressure lowers the contact resistances between the components. The first cause is rejected, as the membrane compression has a negative effect on the water uptake, which overwhelms the positive effect of lower thickness (see figure 10) . On the other hand, as it is known from fuel cell research, the electrical contacts between the several solid layers are highly influenced by the compression [20] .
Many studies suggest that the compression is subject to optimization, as the contact resistance decreases logarithmic to a certain minimum, while other parameters may affect the cell performance negatively. As an example, the gas diffusion layers (GDL) may be crushed and pushed into the channels, which results in mass transport problems. Although the materials are not exactly the same and partly serve a different purpose compared to fuel cells, the general principles may be transferred. The gas diffusion layers are somewhat equivalent to the PTL in WE, where the cathode side PTL in this case is made of the same material as common GDL for fuel cells. In order to further investigate the influence of compression, temperature, and current, the proposed model is utilized to extract several parameters from the polarization data.
The extracted parameters of major interest are the exchange current density (i 0 ) and the contact resistance (R c ), which are shown in figure 9 for all compressions. Note that the reported i 0 is the reference value at 25
• C and implemented as a function of temperature, where R c is temperature independent. Furthermore, the fit value for the activation energy E act is 0.103 455 MJ mol −1 and the symmetry factor β is 0.4931
It can be seen that the overall contact resistance steadily decreases with increasing compression. With a value of 65.3 mΩ cm 2 at C0 and 52.9 mΩ cm 2 at C7, the reduction accounts for around 19% of its original value.
In the meanwhile, the exchange current density experiences an increase up to around 1.5 MPa (C2), followed by a steady decrease up to the highest compression. In this figure, i 0 represents the apparent exchange current density. That means, the related area does not represent the active area of the cell, but can rather be seen as the electrochemical surface area (ECSA), which includes the surface roughness of the layers. An increase in ECSA implies an increase in the apparent exchange current and therefore an increase in performance. From the lowest compression up to 1.5 MPa, an increase in ECSA may be deduced from the figure. As the Ti felt on one hand and the carbon cloth on the other get pressed against the respective catalyst layers, the electrochemically active area may increase. Voids between these layers may be filled and the three phase boundary is increased. At a certain point, the compression may get high enough to not only increase the surface area, but also start crushing the porous PTLs, especially the carbon at the cathode side. In turn, the ECSA decreases as the surfaces smooths, and the exchange current decreases as seen in the figure. Although not observed in this work, a high compression may also lead to increased mass transport problems, as the porosity of the PTLs decrease. Furthermore, it may facilitate degradation, as hot sports are more likely to occur due to mechanical wear down [44] .
Contact Resistances
It is furthermore attempted to separate the total ohmic resistance (HFR) into its main contributors as follows: Figure 10 shows the total ohmic resistance of the cell together with the respective contributions of the membrane and the contacts as predicted by the model. For comparison, the HFR extracted from the impedance data is also plotted.
The membrane compression has a negative effect on the water uptake (λ) of the Nafion, where a lower λ decreases the conductivity, despite the positive effect of a slightly lower thickness. Therefore, the membrane resistance increases slightly over the compression range. However, a positive effect on the cell performance can be observed due to decreasing contact resistance with increasing compression. Figure 10 reveals, that the decrease of ohmic resistance can be solely attributed to contact resistances. To further investigate the contacts, ex-situ measurements are carried out. Figure 11 shows the three contact resistances as experimentally determined. All measurements were taken at room temperature (25 • C). For comparison, the model prediction for the total contact resistance is also included. The measurements reveal that the contact between the carbon BPP on the cathode side and the the respective CD accounts for the highest share. Somewhat surprisingly, the cell under investigation here does not show a significant contribution of the anodic PTL (Ti felt) as found by other studies [45] . The reason may be the incorporated Ir metal layer between the CL and the PTL on the anode, which is a relatively unique feature. The total values predicted by the model are higher than the experimental values for most compressions. It has to be kept in mind, that the model summarizes all contact resistances as one, where only three contacts are determined experimentally due to accessibility of the layers. The contacts between the catalyst layers on anode and cathode side add to the total value, as well as the cathode-side PTL contacts. Furthermore, the model as it is constructed assumes a constant charge transfer coefficient and may therefore overestimate the contact resistance as a result of applying the Butler-Volmer equation to the multi-electron transfer reactions. Therefore, the here suggested contact resistance and the further indicated share of roughly 2/3 to 1/3 for the membrane and the contacts, respectively, may be analyzed with care. The next section explains the problems by analyzing possible reaction mechanisms further.
Tafel Plot Analysis
The overall process of splitting water in a PEM electrolysis cell can be described as 2
The two half-cell reactions at the anode and cathode are the oxygen evolution reaction (OER) and hydrogen evolution reaction (HER), respectively. The HER is fast due to the relatively high exchange current density and the high reversibility. The OER is somewhat more sluggish and less well understood [2] . However, different reaction mechanisms were proposed and table 2 summarizes one that is believed to occur in the given environment. That means acidic media, and an Iridium-based catalyst for the OER. For the following discussion, the cathode is considered as a reference electrode. Therefore, all observations are attributed to the OER, where the HER is neglected here, since it is assumed to only play a minor role for the characterization [46, 14] .
Step Reaction Depending on which step is the rate determining step (rds), a theoretical Tafel slope for the reaction can be calculated and compared to the experimentally determined slope, which may give insight into the re-action mechanism. Tafel slopes of 132 mV/dec and 44 mV/dec should be observed at 60
• C for the first and the second step as rds, respectively. However, the experimental determination of the Tafel slope is not trivial, and controversially discussed in the literature. The discord already starts with how to correctly account for the ohmic (iR) correction of the potential. Where many examples of using the purely ohmic resistance of the HFR (or equivalently the current step response) can be found [47, 28, 48, 49] , it is also conceivable to compensate for the total cell resistance represented by the LFR (or IV slope), since it may contain ohmic contributions from components of the cell other than the membrane and contacts. An example could be the ionic conduction within the Nafion catalyst binder [50, 37] .
The Tafel plots including linear trendlines for both approaches (HFR and LFR correction) at C4 together with a Butler-Volmer approximation are shown in figure 12a. It can be seen, that the HFR-corrected plot exhibits two slopes, where the LFR-corrected plot seems to have only one. The two points at high currents could be explained by the fact that the actual LFR is decreasing with current, where here an average is chosen. The slope of the LFR-corrected plot is very similar to the first slope of the HFR-corrected plot with 43 mV/dec and 45 mV/dec, respectively. The value is also coherent with what is expected from the theoretical calculation when assuming step (2) to be rate determining. From the Tafel slopes, the charge transfer coefficient α can be estimated (not to be confused with the symmetry factor β). The parameter reveals insights into the reaction mechanism, symmetry, and number of exchanged electrons [51, 52, 53] . The single slope for the LFRcorrected plot implies a constant charge transfer coefficient and therefore supports the presented model approach. However, HFR-correction as well as the presence of more than one Tafel slope can be found throughout the literature [54, 55] . One explanation is to connect the deviation from what the Tafel equation predicts at higher currents to mass transport phenomena [28] . However, in this work mass transport problems are excluded due to high over-stoichiometry, interdigitated feed water channels, a small cell geometry, and a high anode PTL porosity [56] . Additionally, no evidence for mass transport problems were found in the recorded IV curves or impedance spectra. That being said, the second slope with 158 mV/dec may indicate a change in the OER rds from one at lower potentials to another one at higher potentials.
On the other hand, when looking at figure 12b, where the HFR-corrected Tafel plots at C4 and C7 are shown, it seems that while the first slope is compression- independent (variation of 3 mV/dec), the second slope is in fact slightly affected by the cell compression (variation of 14 mV/dec). That would suggest a more ohmic nature of the overpotential at higher current. A similar suggestion can be found in FC research, where a distinction is made between the non-electrode ohmic resistance, and the electrode ohmic resistance [57] . Where the non-electrode related share was found through the current interrupt method, the electrode related share was developed through oxygen reduction reaction and Ficks law of diffusion. A similar process may be present in PEM WE, although mass transport phenomena are neglected in the present work. It remains for future work to develop a model similar to what is shown for FC to precisely correct for the ohmic voltage drop [58] . Since the compression can also affect electrochemical param-eters such as the exchange current density (see fig. 9 ), a change in reaction mechanism may also not be ruled out completely. Additionally to the experimental Tafel plots, figure  12 shows the Butler-Volmer equation with the constant parameters apparent charge transfer coefficient and exchange current density as predicted by the model before. By comparison to the experimental data, it becomes clear why the model underpredicts the activation overpotential if a change in rds is assumed. Therefore, electrochemical processes are attributed the the ohmic contact resistance as R c is the fit value. Further investigations on the the nature of the reaction mechanisms are necessary to prove or rule out one of the presented options.
Conclusion
The effect of clamping pressure at various currents and temperatures on a state of the art PEM WE cell were investigated. Where a clear influence can already be seen in the polarization curves, electrochemical impedance spectroscopy and Tafel plots were utilized to further narrow down the analysis. Additionally, a mathematical model was utilized to extract exchange current density and contact resistance. The exchange current density seems to have an optimal value of compression at around 1.5 MPa, where the contact resistance decreases throughout the whole range of investigated compressions. That was further supported by ex-situ contact resistance measurements. Compared to the contacts, the membrane is the dominant contributor to the ohmic losses within the cell. A Tafel plot analysis revealed a certain disagreement in the literature. The proposed explanations include a change in rate determining step for the oxygen evolution reaction.
Besides the positive effect on cell performance, it should be kept in mind, that both increased temperature and compression may have a negative effect on the lifetime of the cell due to formation of hot spots. That is investigated in on-going work.
